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Background: Studies on autism have tended to focus either on those with intellectual disability 
(ie, those with intellectual quotient [IQ] under 70) or on the group that is referred to as “high-
functioning”, that is, those with borderline, average or above average IQ. The literature on cog-
nition and daily functioning in autism spectrum disorder combined specifically with borderline 
intellectual functioning (IQ 70–84) is limited.
Methods: From a representative group of 208 preschool children diagnosed with autism spec-
trum disorder, those 50 children in the group with borderline intellectual functioning at ages 
4.5–6.5 years were targeted for follow-up at a median age of 10 years. A new cognitive test was 
carried out in 30 children. Parents were interviewed with a semi-structured interview together 
with the Vineland Adaptive Behavior Scales (n=41) and the Autism-Tics, attention-deficit/
hyperactivity disorder (AD/HD) and other comorbidities inventory (A-TAC) (n=36).
Results: Most children of interviewed parents presented problems within several developmental 
areas. According to A-TAC and the clinical interview, there were high rates of attention deficits 
and difficulties with regulating activity level and impulsivity. Vineland Adaptive Behavior 
Scales composite scores showed that at school age, a majority of the children had declined 
since the previous assessment at ages between 4.5 and 6.5 years. Almost half the tested group 
had shifted in their IQ level, to below 70 or above 84.
Conclusion: None of the children assessed was without developmental/neuropsychiatric 
problems at school-age follow-up. The results support the need for comprehensive follow-up 
of educational, medical and developmental/neuropsychiatric needs, including a retesting of 
cognitive functions. There is also a need for continuing parent/family follow-up and support.
Keywords: AD/HD, A-TAC, autism spectrum disorder, borderline intellectual functioning, 
developmental disorders, Vineland
Introduction
Symptoms in children with autism spectrum disorder (ASD) change with age. Important 
factors predicting outcome include the child’s intellectual level and presence of com-
municative speech at around age 5 years.1–4
Several studies support the conclusion that early detection/early intervention in 
children with ASD is related to better outcome. However, the interaction between 
intervention, autism symptoms and IQ changes has not been explained.5–7 Cognitive 
ability in autism is associated with autism severity, that is, children with intellectual 
disability (ID) have more severe autism symptoms than those with borderline intel-
ligence or “normal” IQ.6
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The literature on cognition and daily functioning in ASD 
combined with borderline intellectual functioning (BIF) 
(IQ 70–84) is very limited. Baglio et al8 described the group 
with BIF as a “marginal clinical category”. They empha-
sized that children with BIF typically show a heterogeneous 
neuropsychological profile with impact on the quality of 
everyday life.8
In several previously published studies, we have followed 
a group of preschool children with ASD over a period of 
2 years with regard to change and stability of intellectual level, 
ASD severity and adaptive functioning.9–11 Subgroups have 
been followed over a period of 7 years.12,13 Diagnoses of ID 
and autism/autistic disorder have been found to be relatively 
stable, whereas BIF and pervasive developmental disorder-not 
otherwise specified/atypical autism have been more variable 
over the 2-year period.11 At 2-year follow-up, 50 of the 198 
children (25%) with ASD, tested with regard to their general 
intellectual functioning, were found to have BIF. Children with 
the combination of ASD and BIF have often been referred to 
as suffering from high-functioning autism.1,2 Another 25% had 
average intellectual functioning (AIF), and ~50% had ID.
We wanted to examine the ASD group with BIF again, 
several years later in order to find out what had happened to 
them, both in terms of developmental/psychiatric/adaptive 
functioning and as regards further intervention needed. The 
aims of this study were, therefore, to perform a new follow-up 
when the children were at young school age, to assess their 
current intellectual, adaptive, developmental, behavioral 
and ASD profiles. A particular objective was to analyze 
the proportions that might have changed their intellectual 
functioning status from BIF to ID or to AIF.
Methods
Participants
Original study group
The original study group consisted of the 313 preschool 
children (birth-years 2002–2006) in the county of Stockholm, 
who had been diagnosed with ASD before 4.5 years of 
age. Of these 313 children, 25 had been referred to their 
local habilitation center, mainly due to complex medical 
needs and severe multi-impairments, for example, those 
whose ASD was due to a severe genetic syndrome. In this 
group, autism was not considered to be the child’s major 
impairment, instead other problems dominated the clinical 
picture. The remaining 288 children had been referred to the 
Autism Centre for Young Children (ACYC) in Stockholm 
for intervention. However, 24 had been referred to the center 
prior to start of the study, 37 families declined participation, 
15 families could not communicate in either Swedish or 
English, 2 children had moved abroad, and another 2 had been 
referred to local habilitation centers due to complex medical 
needs. Thus, the original study group comprised 208 children 
(176 boys and 32 girls).9 The children had been thoroughly 
psychiatrically, and physically examined at the time of inclu-
sion in the study (Time 1) before interventions started, and 
198 were also examined in depth at follow-up 2 years later 
(Time 2). Also in this group, many different medical condi-
tions were represented.14 Interventions had been of different 
intensities and all based on applied behavior analysis (ABA), 
intensive (.25 hours per week) or non-intensive (,15 hours 
per week).10 Of the 198 children, 50 had BIF, 51 had AIF, 
95 had ID and 2 children had not had an IQ test at the Time 2 
(T2) assessment10 (Figure 1).
Time 3 (T3) study group
The present study group consisted of 50 children with BIF; 
46 boys and 4 girls, age range 9–13 years (median 10 years). 
At initial referral to the ACYC, all children had a diagnosis 
of ASD. At the 2-year follow-up (T2), at ages 4.5–6.5 years, 
they were found to have, in addition to ASD, various other 
developmental deviations in areas of speech and language, 
attention and activity regulation and behavioral problems.
Procedure
At T3, the parents of the children were once again contacted 
by letter and telephone and different interviews – one clinical 
semi-structured interview and a Vineland interview Spar-
row et al15 – were performed by the first author (MBO) and 
another interview, the Autism-Tics, attention-deficit/hyper-
activity disorder (AD/HD) and other comorbidities inventory 
(A-TAC)16–19 over the telephone, by an experienced layperson 
from a market research center. In addition, a cognitive test 
performed by a psychologist (AH) was included at T3.
Measures
Parental semi-structured interview
A semi-structured telephone interview with a qualitative 
approach was performed with one of each child’s parents, to 
obtain information about the child’s current situation both in 
school and at home. Questions on type of school and school 
support were raised, as were questions pertaining to different 
developmental domains; speech and language, social abili-
ties, activity and impulsivity regulation, attention span and 
externalizing behavior. Parents were asked if the family had 
any ongoing contacts with a pediatrician/neuropediatrician, 
child psychiatrist or habilitation center and if the parents 
found that the services they received met their needs.
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The autism – tics, aD/hD and other 
comorbidities inventory (a-Tac) 
interview
The A-TAC16–19 interview was performed with one 
of the children’s parents. The A-TAC is a screening 
interview focusing on virtually all common child 
and adolescent psychiatry and is designed to be used 
by laymen over the phone.
The A-TAC has been validated against clinical diagnoses 
cross-sectionally16,17 and longitudinally19 and has been found 
to be a sensitive tool to screen for ASD, AD/HD, tics, 
learning disorder and developmental coordination disorder 
(DCD).17 For ASD, AD/HD and learning disorder, 2 cut-
off-levels exist 1) “high”, which is a proxy for the clinical 
diagnosis with moderate sensitivity but high specificity, and 
2) “low”, which is a broad screening with high sensitivity 
but moderate specificity designed to capture pronounced 
subthreshold traits.17,19
Vineland adaptive behavior scales (VaBs) 
interview
An interview was also performed at T3 according to the 
VABS,15 with one of the child’s parents. This interview 
included communication, daily living skills and social 
domains, as well as a composite score. The interview was 
administered to a parent or caregiver using a semi-structured 
format, which provided a targeted assessment of adaptive 
behavior. The interview was given over the telephone, 
taking ~45–60 minutes. A subgroup of all the 50 children 
had complete VABS-II results, both at first (Time 1, T1) and 
second T2 assessment.
cognitive testing
Parents of those 50 children who at T2 had ASD and BIF, 
were offered a new cognitive test of their child (Wechsler 
Intelligence Scale for Children-fourth edition [WISC-IV]20). 
At T2, all had been tested with the Wechsler Preschool and 
Primary Scale of Intelligence-third edition (WPPSI-III).21 
WISC-IV includes verbal comprehension index, perceptual 
reasoning index, working memory index and processing 
speed index, and gives a full scale IQ (FSIQ). The WISC-IV 
test was performed by one of the 2 earlier project psycholo-
gists (AH) and took place at Karolinska University Hospital 
in Stockholm. Test duration was about half a day per child. 
FSIQ at T3 was compared with FSIQ at T2 (all had had 
IQ 70–84 at that time). No comparisons with regard to the dif-
ferent IQ indices or subtests of the WISC-IV were made.
???????????????????????????????????????????????
?????????????????????????????
????????????????????????????????????????????
????
????
???????????????????????????????
???????????????????? ??????????????????????????????????????????????????
???????????????????????????????????????????
?????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????????????????????????????????
Figure 1 Flowchart demonstrating the inclusion procedure and study group.
Note: T1, T2, and T3 = Time 1, Time 2, and Time 3 respectively.
Abbreviations: acYc, autism centre for Young children; aiF, average intellectual functioning; asD, autism spectrum disorder; BiF, borderline intellectual functioning; 
iD, intellectual disability.
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statistical analyses
Differences between the 3 time points with regard to mean 
Vineland composite scores were analyzed with a repeated 
measures analysis of variances (ANOVA). In this analysis, 
partial etasquared (η2
partial
) was used as a measure of effect 
size. The ANOVA was followed up by post hoc analysis 
(Bonferroni) in order to study differences between spe-
cific time points. An alpha level of 0.05 was used for all 
statistical analyses.
ethical approval
All parents provided verbal informed consent to participate in 
the study. The study was approved by the Ethical committee 
at Karolinska Institute, 2012–05-15 2012/734–32.
Results
Of the 50 children, parents of 49 (45 boys and 4 girls, age 
range 9–13 years, mean age 10.4 years) could be reached. For 
one family, contact details could not be obtained. Six families 
declined participation in a new follow-up (had moved 
away, family situation, lack of time). Parents of 43 children 
accepted to take part in all or parts of the follow-up. Parents 
of 41 children participated in the semi-structured interview 
and in the Vineland interview, parents of 36 children par-
ticipated in the A-TAC interview, and 30 children had a 
cognitive test according to WISC-IV, of which 2 assessments 
had been carried out at other clinics, but copies of the tests 
were obtained.
semi-structured interview
school situation
Of the 41 interviewed parents, all but 3 children studied the 
normal curriculum. These 3 studied according to a specialized 
curriculum for children with ID. Twenty-five children went 
to regular schools. Ten of these had a special needs assis-
tant of their own, while 6 children shared an assistant with 
classmates. Nine children had very little individual support. 
Thirteen children studied at specialized schools for children 
with autism. Ten of the 41 parents clearly expressed that their 
children did not have enough support in school.
Parents especially pointed to the children’s need of more 
individual support at school; that is, help with structure and 
planning, and with initiating and completing school assign-
ments. Another aspect, related to the children’s executive 
dysfunctions, that was emphasized by parents was the 
need for better cooperation between the school and home 
with regard to what homework the child was expected 
to accomplish.
aD/hD-symptoms
Out of the 41 interviewed parents, 34 reported that their child 
had problems regarding attention and 21 of these children 
also had hyperactivity and/or impulsivity. The reported 
symptoms within the AD/HD spectrum were mainly in 
accordance with the situation at T2 and 16 of the 41 children 
(39%) had now received a diagnosis of AD/HD at a clinical 
assessment after T2. At T3, a total of 13 of the 41 (32%) 
children had pharmacological treatment for AD/HD.
speech and language
A large number, 31 of the 41 interviewed parents, reported 
that their child had problems with speech and language (prob-
lems with at least one of the following language domains; 
grammar, expressive speech, vocabulary, pragmatic defi-
ciency and articulation). Of these children, 10 had or had had 
a regular contact with a speech pathologist and/or attended 
or had attended a special speech/language class.
Behavior
Parents of 34 of the 41 children reported that their child had 
behavioral problems interfering with many daily life situa-
tions. In 7 of these children, the problems were severe (exter-
nalizing and often aggressive). Four of the 7 children also 
had clear indications of attention/hyperactivity/impulsivity 
symptoms. Eleven children had a very inflexible behavior. 
Parents of 3 children in the total group reported obsessive-
compulsive problems in their children. Four children had 
severe anxiety and 5 had verbal and/or motor tics.
regular contacts with pediatric/
psychiatric or habilitation services
All 50 children were “entitled” to contact with habilitation 
services but of the 41 interviewed parents, only 12 reported 
that their child had such a contact. Fourteen of 41 children had 
some contact with the Child and Adolescent Mental Health 
Service (CAMHS) and 10 children met with a pediatrician/
neuropediatrician on a regular basis. Two of these had a 
diagnosis of epilepsy. Seventeen children (about 40%) had 
no regular contact with a physician.
The autism – tics, aD/hD and other 
comorbidities inventory (a-Tac) 
interview
Most children of the 36 interviewed parents presented 
problems within several areas. Five modules were targeted; 
ASD, AD/HD, tic disorder, DCD and learning disorder. Of 
the 36 children, 21 had symptom levels corresponding to 
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a clinical proxy of ASD and another 11 reached the cut-
off for the broad screening diagnosis. Ten children had 
symptom levels corresponding to a clinical proxy of AD/HD, 
and another 15 encompassed the broad screening cut-off. 
13 children had symptom levels corresponding to tic disorder 
and 6 had DCD (clinical proxy). Five had symptom levels 
corresponding to learning disorder (clinical proxy), while 
18 reached cut-off for the broad screening diagnosis.
Vineland adaptive behavior scales
A repeated measures ANOVA with Time (1–3) as the within-
subject factor and rating on the VABS as the dependent 
variable showed a significant effect of Time (F2, 80=28.24, 
p,0.001, η2=0.414), see Figure 1. Post-hoc tests (Bonferroni) 
showed that the children had got a significantly lower mean 
rating at T3 as compared with both T1 (p,0.001) and 
T2 (p,0.001). The difference between T1 and T2 was, 
however, not significant (p=0.155) (Figure 2).
cognitive testing
Of the 50 children, 30 had a cognitive test according to 
WISC-IV (of which 2 were outside the study but copies of 
tests were obtained). In total, 6 children now had an FSIQ 
clearly below 70, 7 had FSIQ of 85 or above and 17 children 
still had results between 70 and 84, that is, in the BIF area. 
All 6 children with FSIQ below 70, had Vineland composite 
scores supporting ID.
Discussion
The present research set out to study the cognitive and adap-
tive outcomes at mid-school age in a group of 50 children 
diagnosed at preschool age with a combination of ASD and 
below average IQ, that is, BIF. These children were part of 
a larger cohort of about 200 children with ASD at IQ levels 
ranging from severe ID to above average functioning – the 
majority of whom had recently been followed up.13 The 
present study focused on the group that, based on results 
from previous studies, we hypothesized might have the least 
stable/predictable outcomes.14,22
Only about 60% of the target group participated in all the 
follow-up assessments, but about 85% were evaluated on at 
least one of the measures included. The major finding was 
that the majority of the children had several developmental/
neuropsychiatric problems at this school-age follow-up.
With regard to the Swedish school system, children with 
ID are entitled to study according to a curriculum adapted 
for pupils with learning impairments. Children with other 
cognitive disorders, such as autism, study according to the 
regular curriculum. The current curriculum for compulsory 
schools promotes all pupils to be educated in general classes 
and there is a need to specify when segregated options are 
considered for some pupils. In our study group, only one-
third of the children with ASD and BIF had their education 
in special classes for children with autism, although parents’ 
reports indicated that more children in the study group would 
benefit from that type of school placement.
According to results from A-TAC and the clinical inter-
view, there were high rates of children with attention deficits 
and difficulties with regulating activity level and impulsivity. 
With regard to ASD, around 90% of the children still met crite-
ria for ASD or had definite subthreshold symptoms; two-thirds 
of these had symptoms corresponding to clear DSM-ASD. 
Almost 30% had symptoms corresponding to ADHD and 
around 40% had symptoms of subthreshold severity. More 
than 30% of the children with AD/HD had pharmacological 
treatment. Of the 32 children at or above high or low cut-off 
scores for ASD in the A-TAC interview, 23 also had at or 
above high or low cut-off scores for AD/HD, thus supporting 
the high co-occurrence between the 2 disorders. There are 
many studies reporting strong relationships between ASD 
or social-communication traits, and AD/HD or hyperactive 
traits in children and adolescents, supporting the evidence 
for the co-existence of ASD and AD/HD.23
The semi-structured interview revealed that 3 out of 
4 children had problems with speech and language. Behav-
ioral problems were common and were reported in .80% 
of the children, one in 5 of whom had severe, externalizing 
problems. In a study of tantrum profiles in children, aged 
3–16 years, with ASD, AD/HD and combined ASD and 
AD/HD, it was found that tantrum behaviors were observed 
Figure 2 Mean Vineland scores with 95% ci for the 3 assessment times.
Note: T1, T2, and T3 = Time 1, Time 2, and Time 3 respectively.
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at relatively high levels in children with ASD alone, AD/HD 
alone and in children with comorbid ASD and AD/HD, and 
that tantrum behavior was highest in the combined ASD + 
AD/HD group.24
No child was without developmental/neuropsychiatric 
problems at this school-age follow-up, although many had 
subthreshold symptoms within areas of ASD and ADHD. The 
importance of also considering developmental/psychiatric 
symptoms and problems even if the full diagnostic criteria 
are not met, has been highlighted by other authors. In an adult 
functioning outcome study, risks were not limited to those 
who received a diagnosis; participants with subthreshold 
psychiatric problems also had higher odds of adverse 
adult outcomes.25
VABS composite scores showed that a majority of the 
children at this time had declined since the former period 
of measurement. One can only speculate as to the reasons 
for this negative trend. In our original study group compris-
ing ~200 children, of whom about one-fourth constituted the 
group with ASD and BIF, all had received different types of 
intervention based on ABA during the 2-year period at the 
ACYC.10 It is likely that both the children and their parents 
were helped by the earlier ABA interventions, which in 
some children had been of intensive type and in some of a 
targeted type (usually delivered by the ACYC), by parental 
education and general family support from the ACYC. The 
behavioral intervention was terminated after 2 years, and 
parent training and general family support were also reduced 
as the children grew older. At the same time, higher demands 
were being placed on the children in school compared with 
preschool, which all may have contributed to the declining 
trend. On top of this, many do not have sufficient support 
in school according to their needs and as many as one in 
four parents clearly expressed that their child had insufficient 
support at school.
Our result accords with the study by Kanne et al,26 investi-
gating adaptive behavior profiles in children and adolescents 
with ASD, mean age 9 years, with varying IQ sores. They 
found that Vineland Composite was negatively associated 
with age; older individuals have a greater gap between IQ 
and adaptive skills and that the gap between IQ and adaptive 
impairments decreased in lower functioning individuals with 
ASD, while adaptive behavior scores in the high IQ group 
were below the standard IQ score. They concluded that IQ 
was a strong predictor of adaptive behavior.
In a study by Szatmari et al,27 developmental trajectories 
in children with ASD were found to be heterogeneous and 
3 distinct trajectory groups; worsening, stable and improving, 
with regard to adaptive functioning were identified. It was 
emphasized that this heterogeneity should necessitate a flex-
ible suite of interventions, targeting each child’s strengths 
and difficulties.
The cognitive test supported the hypothesis that there is 
considerable instability of BIF at a group level in children 
with ASD tested at young ages. Of the 30 children tested, 
20% now had an FSIQ of below 70, corresponding to ID, 
another 23% now had an average IQ, at or above 85, and a 
little more than half the group had stayed within the original 
IQ-band of BIF. We cannot claim that these changes are 
significant, different test methods had been used at T2 
and T3. However, the tools are designed to measure the 
same construct28 and results illustrate the varying cognitive/
developmental trajectories in children with BIF. Our cogni-
tive results, although not statistically substantiated, support 
the instability of an IQ in the BIF area11 and the need of 
follow-up assessments of cognitive functions. Children with 
BIF and ASD should be legislatively re-tested so that their 
educational needs can be appropriately met.
The majority of children in our study group had a combi-
nation of ongoing problems that accorded with the umbrella 
term of ESSENCE (Early Symptomatic Syndromes Eliciting 
Neurodevelopmental Clinical Examinations),29 in spite of 
the fact that they had received appropriate intervention for 
2 years in early childhood. The vast majority of children in 
this group, besides ASD and AD/HD, had other behavioral 
problems and language difficulties. Our current societal 
system to a large extent restricts services to certain diag-
noses, such as ID ± ASD. This means that many children 
with combinations of developmental problems; autistic 
symptoms, hyperactivity/impulsivity, attention, language 
and behavioral problems, BIF – but not formal ID – do not 
receive appropriate support from habilitation or other specific 
societal support systems.
Children with ASD combined with BIF are often referred 
to as high-functioning children, although their cognitive level 
is not within the high but rather within the low “normal” 
variation. The term high-functioning may therefore in this 
group be somewhat misleading. Our results highlight the 
need for repeated cognitive assessments in all children with 
ASD in order to provide best possible education and sup-
port. All children in our study group were, due to their ASD, 
“entitled” to contact with habilitation services under Swedish 
law, but only about one third of the children had such contact. 
About half the group had contact with the CAMHS or saw a 
pediatrician on a regular basis, but several families had been 
left to their own devices.
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Limitations of the study include that only 30 of the 
50 children with BIF at the T2 follow-up could be assessed 
with a new cognitive test at T3 and that differences were only 
reported with regard to FSIQ without any statistical measures. 
Strengths included that the children belonged to a community 
based, representative group, .80% had parents who took 
part in both the Vineland and the semi-structured interview 
(which corresponded well to one another) and that the 
A-TAC interview is well validated against clinically ascribed 
diagnoses. Another strength would be the focus on the BIF 
of below average IQ group, as few studies have specifically 
highlighted these children in follow-up studies.
In conclusion, our study revealed that children diagnosed 
at preschool age with ASD combined with BIF, after appro-
priate intervention for 2 years, still need to be followed up 
for several more years. The child’s ASD was generally com-
bined with other developmental disorders or problems, that 
is, the children had “autism plus”.30 Carrying out follow-up 
assessments continuously throughout the school years will 
yield a more valid estimation of the children’s developmental 
status and a better basis for realistic educational planning 
and intervention. This group is in continued need of support; 
educationally, medically and with regard to family support.
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